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(57) Abstract 

In the particular embodiments described in the specification, a vacuum furnace includes a conveying arrangement for 
holding four solid metal members (16, 22) with their end faces (18) in closely-spaced relation and an energy beam gun (1 1) directs 
energy (12) to the adjacent faces to melt the metal. Metal (20) ejected from the heated surfaces by explosive vaporization of inclu- 
sions in the metal is trapped by the adjacent surfaces of the other metal members. 
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Description 
Vacuum Processing of Reactive Metal 

Technical Field 

This invention relates to improvements in vacuum 
5 processing of reactive metal, such as in an electron . 
beam or plasma furnace, and to an improved furnace for 
use in such processing. 

Background Art 

Certain reactive metals such as titanium, for 
10 example, are prepared by reduction of chlorides of the 
metals using sodium or magnesium to produce sponge 
metal. Such sponge metals, however, contain trapped 
sodium or magnesium chloride and, when heated in a 
vacuum such as in an electron beam or plasma furnace, 
15 the trapped chlorides vaporize in an explosive manner, 
spraying unmelted sponge particles throughout the 
interior of the furnace so as to reduce the yield and 
also contaminate material which has been refined in 
the furnace with unrefined particles. Similarly, 
20 scrap material resulting from the machining or other 
forming of such metals which has been compacted into a 
solid piece for processing may contain vaporizable 
impurities which produce the same effect. 

One way of avoiding this problem is to use an 
25 inert gas plasma burner which operates at higher pres- 
sures, as described in the Ulrich Patent No. 
3,771,585, but this does not provide the advantages of 
an electron beam or plasma furnace operated at high 
vacuum. The Hanks Patent No. 3,101,515 discloses an 
30 electron beam furnace with magnetically guided beams 
in order to avoid contamination of the electron beam 
source by sponge particles explosively ejected from 
the raw material, but that arrangement does not avoid 
the problem of lost material and contamination of the 
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refined material. The Herres Patent No. 2,734,244 
discloses a vacuum arc refining furnace for titanium 
sponge which requires a separate chamber to vaporize 
and drive off volatile inclusions from the sponge 
5 material which might interfere with the refining pro- 
cess f . after which the material is delivered to the 
refining furnace. 

Disclosure of Invention 

Accordingly, it is an object of the present in- 

10 vention to provide a new and improved process for 
vacuum refining metal materials which overcomes the 
above-mentioned disadvantages of the prior art. 

Another object of the invention is to provide a 
vacuum furnace for processing reactive metals in an 

15 improved manner. 

These and other objects of the invention are 
attained by supplying a metal member to be processed 
in a vacuum furnace by application of energy to an 
exposed surface of the metal member and providing one 

20 or more closely-spaced spray-intercepting surfaces to 
block unmelted material sprayed from the heated sur- 
face of the metal member from reaching other parts of 
the vacuum furnace. In one embodiment, one or more of 
the blocking surfaces is provided by one or more addi- 

25 tional metal members to be processed. In this 

arrangement, the additional metal members have closely 
adjacent surfaces which are also heated by the appli- 
cation of energy and, preferably, an array of three or 
more metal members have adjacent surfaces substanti- 

30 ally enclosing the region in which the metal is heated 
by the energy application. 

In a typical vacuum furnace arranged for proces- 
sing metal according to the invention, four metal 
members are supported with their end surfaces disposed 
35 in closely-spaced opposed relation and an energy 

source positioned above the region surrounded by the 
opposed surfaces supplies energy to all of the adja- 
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15 



cent metal surfaces to melt the metal simultaneously 
and cause the molten metal to flow into a receptacle 
such as a trough or hearth beneath the region sur- 
rounded by the surfaces. Thus, substantially all of 
the solid metal particles sprayed from the heated 
surfaces by vaporized inclusions as the metal surfaces 
are heated is merely deposited on an adjacent metal 
surface for melting or else drops into the receptacle 
for molten material flowing from those surfaces. 

Further objects and advantages of the invention 
will be apparent from a reading of the following de- 
scription in conjunction with the accompanying draw- 
ings in which: 

Brief Descript ion of Drawings 

Fig. 1 is a schematic side view of the melting 
region of a representative embodiment of a vacuum 
furnace arranged in accordance with the invention; and 

Fig. 2 is a schematic plan view of the region of 
the furnace shown in Fig. 1. 



20 



25 



Best Mode for Carrying Qu t hhP invention 

In the representative embodiment of the invention 
shown in the drawings, the melting region 10 of a 
vacuum furnace, which may, for example, be an electron 
beam or plasma furnace having an evacuated enclosure 
(not shown) includes an electron beam or plasma gun 11 
arranged in the usual manner to direct a beam of 
energy 12 in a controlled pattern to heat the metallic 
raw material to be melted and processed in the fur- 
nace. A hearth 13 arranged to receive the metallic 
material to be processed has a receiving portion 14 
irradiated by the gun 11 for receiving molten metal to 
form a pool 15 which flows from the receiving portion 
toward a refining portion, not shown in the drawing, 
where the molten metal is refined and subsequently 
35 poured into a casting mold. 



30 
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Solid metal such as titanium sponge which con- 
tains included vaporizable substances such as sodium 
or magnesium chloride as a result of the sponge forma- 
tion process or compacted scrap metal containing va- 
5 porizable impurities is supplied to the furnace in the 
form of a solid member such as an electrode 16 and is 
fed toward the melting region 10 by a conveyor ar- 
rangement 17. Impingement of energy from the gun 11 
on the front surface 18 of the electrode 16 melts the 
10 material at the surface, producing a molten stream 19 
which flows from the front surface into the hearth 13. 
Because the electrode contains vaporizable inclusions, 
heating of the surface 18 causes the vaporizable mate- 
rial to be vaporized rapidly and to eject solid or 
15 partially melted metal away from the surface 18 as 
indicated by the arrows 20. 

In accordance with the invention , the front sur- 
face 18 of the electrode 16 is substantially sur- 
rounded by closely adjacent surfaces which receive and 
20 trap the material ejected from the surface 18. In the 
illustrated embodiment , three additional metal elec- 
trodes 21, 22 and 23 are arranged as best seen in 
Fig. 2 to form an enclosed region adjacent to the 
surface 18 with the electrode 22 directly opposed to 
25 the electrode 16 and the electrodes 21 and 23 opposed 
to each other and at right angles to the electrodes 16 
and 22. As indicated by the arrows, each of the elec- 
trodes is movable toward the melting region 10 as the 
end surfaces of the electrodes are melted. Prefer- 
30 ably, the four electrodes are oriented at 45° to the 
longitudinal axis of the hearth 13, as shown in 
Fig. 2, to assure adequate access to the surface of 
the pool of molten metal 15 from another gun in the 
refining area (not shown). 
35 In the illustrated embodiment, each of the addi- 

tional electrodes 21 , 22, and 23 is guided on a corre- 
sponding conveyor toward the region adjacent to the 
electrode 16 so that all four electrodes are continu- 
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ously melted to supply material to the hearth 13 and 
substantially all of the solid material ejected by 
explosive vaporization from each of the adjacent sur- 
faces impinges upon the surface of one of the other 
5 electrodes, where it is melted by the energy beam and 
flows into the hearth with the other molten material. 
Any material which is not melted on an adjacent elec- 
trode face or which falls directly into the pool 15 of 
molten material is melted by the energy beam 12 as it 
10 passes between the adjacent electrode surfaces and 
applies energy to the surface of the molten metal in 
the pool 15. 

If desired, instead of having four electrodes 16 , 
21, 22 and 23, all movable on conveyors toward the 
15 melting region 10, the furnace may be arranged so that 
only one or two of the electrodes are fed toward the 
melting zone and the other adjacent surfaces are main- 
tained stationary and only that material which accumu- 
lates on those surfaces is melted by the electron beam 
20 12. With this arrangement, it is not necessary for 
the additional electrodes to have substantial length 
and the furnace structure is significantly simplified. 
While only four electrodes, all disposed in the same 
horizontal plane, are shown in the illustrated embodi- 
25 ment, it is also possible to provide more or fewer 
electrodes in a horizontal plane and to include fur- 
ther electrodes extending at an angle to a horizontal 
plane as long as the energy beam 12 has access to the 
adjacent surfaces of all of the electrodes to be 
30 melted and provision is made for molten material to 
flow from the electrodes into the hearth. 

Although the invention has been described herein 
with reference to specific embodiments, many modifica- 
tions and variations therein will readily occur to 
35 those skilled in the art. Accordingly, all such vari- 
ations and modifications are included within the in- 
tended scope of the invention. 
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Claims 



1. A method for vacuum processing of metal contain- 
ing vapor izable impurities comprising supplying 
metal to a vacuum furnace in the form of a member 

5 having a surface to be melted by energy impinge- 

ment , providing at least one further surface 
closely adjacent to the surface to be melted to 
receive metal particles ejected from the surface 
to be melted upon heating thereof by energy im- 
10 pingement, and directing an energy beam toward 

the surface of the member to be melted in a melt- 
ing region to melt material at the surface. 

2. A method according to Claim 1 wherein the adja- 
cent surface is the surface of another metal 

15 member to be melted. 

3. A method according to Claim 1 including providing 
a plurality of surfaces closely adjacent to the 
end surface of the solid member to receive metal 
ejected therefrom. 

20 4. A method according to Claim 1 including moving 

the solid member toward the melting region as the 
surface thereof is melted by the energy beam* 

5. A method according to Claim 1 wherein the adja- 
cent surface is the end surface of a second metal 

25 member to be melted and including moving the 

second metal member toward the melting region as 
the end surface thereof is melted by the energy 
beam. 

6. A method according to Claim 1 including providing 
30 three further metal members having surfaces 

closely adjacent to the surface of the metal 
member to be melted. 
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A method according to Claim 6 including moving 
each of the further metal members toward the 
melting region as the surfaces thereof are 
melted. 

A vacuum furnace for processing metal comprising 
energy gun means disposed to direct a beam of 
energy toward a melting region, conveyor means .- 
for guiding a metal member having an end surface 
toward the melting region to expose the end sur- 
face thereof to an energy beam from the energy 
gun, and confining means adjacent to the melting 
region providing at least one confining surface 
closely adjacent to the end surface of a metal 
member conveyed by the conveyor means toward the 
melting region to receive metal ejected from the 
end surface of the metal member upon heating 
thereof. 

A vacuum furnace according to Claim 8 wherein the 
confining means comprises a plurality of metal 
members having surfaces disposed adjacent to the 
surface of the metal member being melted. 



10. 



A vacuum furnace according to Claim 9 including 
conveying means for conveying each of the plural- 
ity of metal members toward the melting region. 
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FIG. 2 
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